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Ho«!«}« oT Bitiuitiona i< wiich Jjidiy.idtjals are faed 

with r ol'.ipAe acliviLifcS amdg wni-sli th«y nrust aJ.locaia 

thair efi'ort are pca-iuln^d     Optlaial illocation«. a-?^ found 

for fern* aaftf-wd ^/c.4.vat lor a    .itmctur«?   » profit ma.Tlmiaa- 

tlon anci Ihr \» inroJ.'injg oe.^f•: nnaiia-J giiala in «arh of tho 

a^tlvitioM:      H«ari8tie .'.proxJBatitnb no the optimal alio- 

«.atio/is i:T-t de-viiiopac!-    -"Uo.. t:;!« reistL>:iahips botw«'5n the 

varlo^'i? tiotivatiöA  BtruÄtvi^a arc!  exploir'edn 



Introduct:i.cn • 'U;;: - _ _ ...._ 

Tb: s paper fonts cne p:1rt in n ee1"'i ee or l"Seca:~."Ch studies concerned 'nth 

budg~'t9.l7 thso~ and prac .. i ~ e.. lr ·bette st.udiae. iut.ereat i1- e centered or: 

organizational aspect5 or b Klget:ing -with a concad.tant em~aw on ~9..:'lt.r9.l 

end related ideas ct go.ll ror.-ticn~ ettort., moti\'at1an9 superio~:suborce.r.ate 

rolationahipe &"'ld other components of goal-o1·ient.Gd activity, Thus, by 

-!!mrh~sis , at l east, t' ese studiea differ !1"01'1 tha cur:t.omary approaches to 

budget.ing rE:sear~h which csal p;r.Ua··ily with planning, f oracasting ll-::ld 

coordinat· on~ 1/ 'Ib~ l a .-a ..:' ha~~ p;;rhape natlir..Ll.ly1 been d!.recteci t.o the 

!tconanic oognit ~cs "'-.-.ieh ar.e deem ... d pertinent 1or electing oar. or lese 

rational choices betu ~em <U."t. " l"'f!Ati tJ IJ i!lBur:tn(; that all. altama.tiw! ar~ 

c Jsi · e~d and at lc :< st i n ~rinci!J .• ", t hat opt-i~ r.:a·tJ.on c:r!te1·ia or ether .· 

1!:~~~~-tt1 ara ~ .t 1n ied 1oth n o c . ni~e i a .finU!y made.. By and la,_.ge (it 

1 eoo tau~ to t .. -y t ha l . ~-,tcr t.. ~ of studi~a ha·ro tamed t o b7paes ,,_~ or 

&.ttamJ,t to ~htu"P.c teriz~ ijh control aape~ts ot budgeting tor· purpoeee of 

~cisnt.if'ie val.:VJ.ation and te .. t inz.,-

Vie shall not r port hare t ' E re!rulte of su~lt er.:apirical. tclats u we 

Y, ~tw.table pc5.nt a in th t~-- Thtt emphaeill he:-11 -..i.U be r-ather on the 

f ontal mn;lels which ·.ie ha"l·"' ~1tiUzed ae guides fox• ettecti.Di, thsae studiee 

lf S'3e ChU'nes a..'Xi Cooper [ 3 J pp, "''i!1 and 3~~0 !or !'urthE:r_, but brief!. 
4iec~a1on o:r control ani plsnr~. A more ~enad.w d.iecuaalon wtd.eh 1a 
close~ related to the buO.geting literature (a..~ &leo releftllt. parte ot the 
pe,.chologic&l literuture) 18 containe4 1n St.«i17 ( 1d. 
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A f~l re:.al'ka n U . .! :'lJCC!oln which we haft dewloped - · u wU aa the 

'tfi\.y 11! ... h~'nl de''"~ c: pe<1 th :>..r e p!.!l>:hape 1n ord'l!'" e.t tbia pd.nt.., Fint, we 

·hse i."Y·~ 1 h.at t'MZ'\t is w.ry ~.ttl'-' in ~he budget.:lng~ag .. nt lit.erature which 

~-ovid~a clear guiclee fo~ t .1e t01.,Ca.t1~ ot B"ch ..ncxiela w related. Mthode ot 

~.ly:Yie ., Second, ~ obserw the.t a aitdlar e1t~tion prerola 1n the basic 

::O•.;!:~ont!tie litel~&t.\ln in ar u such a eeonczd.cs, ~7choletD 19 and orgard3a.t1an 

t~.h .... ~l"Y wh,.,~:." · the. euida."'lCe has had to garni3red .Zorn. ida&e and COil&tucts 

·, ~~ueh aH either va&\JG pa.rt.1 o.l~ f.'or=lated, or ;:.angetial to the min 

dil~tJt,ia'l or this re ~Ol\J' .. h on t~e ·c~·trol ae}:Cets ot buiaetin&" This ia t~ . ., 

:o~ 5:ror t<!nea, or euch eon!ltrr.;.cts u o..l.leet'otic:r. ot .-nager1al. ettort;1 

:ll'gar:1 ~e.tio-:1&1 goe.le , an-i e·~n t1"Ue of the p;1JCh l cgioal "asplraU.on 1~1" 

c ) . ~ t.ru~t!'j mi":Jh t!e shill olso ttuplo7 1 b rt. Ot'.lJ .1.:-"'ter &d.NitiDa and axterdiQ& 

~. m. to ~ e .Utir.J.e.c;.t.>.t:.k eitus.tJ..ons 1.n a pr il:nbi.l.tatic CO."lted. wlt.h tdd.ch w 

~hnll be co ern~do 

.... or;:~ Clri~r ~~rke n:o. t.he Dt.thtnatics ~,. ! ;,all ut111&e aft\ aleo in . 

oro:!re Cae: po j_ble s.ppi acr. would proc3Gd ...nt.!.!'ftq b7 Mia of the th80J";f 

ot s.:L3 and r-el:l.ted .:i. i ! • t :. ,m toril!Bl logic, eay , as a wq to reduce 

eubst.~ti!ll.J..i' t he n~- ber of ae~umptiolle utUuecl :.l.l1 oroor therebJ to aecu.re · 

the ~.:11c.t. .~ora.. • it;v o E''W·'l 1l eucaeaatul, howcmr, a1:0h an appraach wuld 

not !•··'ftl yieldeci the !'.inc':. >f abarp a.'l&4ttietLl r; ~..des wbioh wn d..u.cl tor 

t .'l , · cif-:n·~t e.mpi~cal. necareh A largo and. t!itfieul.t tuk ot u~· 

"'i ::: • uld haw ~.,.;.lWei !:' e·-10n g,t the mn ct aucM an ~·• 1t ~ beoau.• 

.. o · d~a :tro::n zr-"Ulag .. nt 9 peJ"Ilcologr, acJ economic• AN W&Uf at eruda;l. · 

p~'.nto c· lo ~' ~ the re\learehar vou.lcl them be lett cith the taak ot •~ 

~l:!n:a tunet1aa1 in order, er..r~ to to:mal.ate ~a.oot.al byfotbeeee trw tbe 

innst1«&tioo of sw:h Ji1er.GJOna aa Gftort aDd aepir&t.ton Nlat.1ft to 



probab'll1at1.o and -.ltlpl&~taek aituatio111t with no_.. llltanatlcm t.._D ia 

available to the3e &l..-thor!f. ~r-1 would tllen be l.tt. \>'ith the tuk of c&ri'Jina 

the .111athemat.ics .ro:-wa!"d !.() utlli~e the speoif.ie l'"'~~rtiee oi the tunctienf' 

cho~en. Henoe a. clitt~rent approach with con-es~nglT 110re epecializ~ 

assumptions was at~o 

~o plrt of thiB approach ia baaed en the i deae ot cha.7lce-conetftdned 

pregran:m1ng l/ which io h ~r3 at.ended 30 that ca.Bne in which the Joint 

probability of a!multanean~).~r satlst,yin~ eev .raJ. coootreinte (LYJ. t.he form cf 

g:Cel.~) can be coneidered explle:tt~l7o 'I'td.s i s tu.~har elabor~t.ed t~o include 

~e.s.,s in. ·wb: ch a subo:rdinate_, ea;y, 1n response to di!.tereot l"'!b"&N struaturee 

;nq strJ. w to ma.rl..ldz-3 hi , ... ~.\1-d u a f\m-:C.ou of goal attainiMnt eubject 

·t o ccmatraints oa. all or a subst!t. ot the pl.-oba'IJ·~.lit1es o.t. attainmont ot 

ape:Ui c goal.e taken trdi'ddu~~o Fl'CD. t hez-e 1~ ia &n ea81 step to include 

st1pa1.&t.10h8 en other subneta which l!lDt t,he be uatiet1e4 wh• punuiq the 

1.'1dica.ti94 maJd.mipt.ien"' ar.d e:o Ollo. 

Of ccuree 1 e. chance -e on5tr&ii1tid prog.I"8JIIIirlg nppron.oh ganera.J.:q reqt.d.rea 
. . 

some specificat:!.on ot the ~.carl.,vins probabilit:- <U.str1b\lt1ona. A wide ·raa:p 

ot possible choice a is thus a.n.il.able c For instance, one m1&ht. •e the 

waul asa\llptions ot nOJ:.:IOlit,-, etco ln or.ier to ot.tain a,cceaa to the prepnred 

t.h80l7 am t&blea of cluEdeal st at.1etical th•O~J y The :raeult.1ftg 

prcperties o! &7Jilm8try do not otherwiae baw II"UC;l -.ppeal, boilewr, eince 

U81J.OOt17 (or olcewnesa) i o n.eh ,~ore lik~ to p!'JJVaii in the ld.Jde of eituatioDS 

which are pel"tii'lent tar t lll.J , reaearob.. Doubtless other propart.iea suoh u . 

17 - -::;~ He do notf here COftl' the entire I ·UIIIt, ot cl8cis1on rule poae1bllitiee u 
di5cussed 1n Charnae a1d Coope_r [4 ] dMl1DB \4th thia topl.c. 

'2/ 
- For a ~har.ott-i:onstra.i.ned f&"O~ftl f..ula·t1an in aucl~. teaa ••• .Chax-nee 

and Cooper [ S ], -



mult.l-'.;:.cdslit7 ard d!eoont.imrtt-7 ere &lao pre&ellt and could be OOMiclencl 

• B tbe aituat1.one aamins.d a.t".d the related t.heorl.ea 8l1d •thoclalocles .-rae 
fJ."'£1 !urt.har reeearch in the area or CGI'ltrol btxlat~tirl(t. l'"or the present., 

t\'e han d.-d it ad~...aable to adhere t.o tldr. ~ ailt:ple diatributione which 

at least have the indicatAd elaftmeae J'&'Opert.iee. l'heee dS.atd.but.iona • be 

I"-ege.rded as ot the e.xponsntiL1 t ype - t.he;y ve also condit.imal clietr.t.but.ions -

C\lt hough t.hey 'Hill also be eet~n to be rela.Wd to the kinia ot cliat.ributiona 

v.tilizecl 1n the eearch theo17 literature. 1/ 

Altho~"'l tJte latter theor.r is abo eonceme.i with ettcrt allooat1on,. at 

€J&st in a generic eenaa, ve do not wish to p!leb the point ot c.ot..i ra:W~oe. 

Su.ffi~e it to CJ~f3~ thor~ttore, that. thitt approaab has at leut. prow~ uae.hl iD 

s•.":.pplying guidttlinee !'or t . e -.p1rloal reaearah 11'.hioh ve ban also undert..aba. 

Furthermore, &.!.though ve have had to extend these eea.rch theo17 .odele to 

multip~e.,goal situations t te have &lao tcnmd it poelible t.o clo ao 1D a V117 that 

does not field urwiul7 cumbttr8CIIe and campl.1cated llllllel.a end reaulta. l'in&J..q1 

ve hne also be~n able to effect 'the clewloJIIIInta !n such a w_y vhiob 

t.rana!onu such dubious vari n.bl.ee u "effort" into ot.her, more eaai~ o1r.-•I'N, 

perfon.1a.nce ft!'iablee , 

t reat d other &apt'cte of theee IIOdeleea/ BeN, JMMtver, w •hall a\tellf' 

to cloee certain iaeuoe vb~.eh wre lett. uaat.telldecl ill Uleae otllG' tnat.nta .. 

In pa!"tiwl.ar s- we ehall ea tabU.h oerta1n CCDcllU~ tor the atat..-oe ot the 

1Ddicated 80lut1one Also we atend aftd ....,_. theM JII'Wiou f..t.attau in 

other. .t"eapeCte as vell. !fence. in the• ._ ... 8J)eeta at least, w. ou IICIIIf lie 

sure that anaqtical the0J7 16bleh we an •• t.o picle thne .t.adSee le ot 

logicalJ¥ oauiet.eDt and noii4ip\7 ftl'!at.7 al.UI-.h. ot oour•• tllla dNa DDt. 

J/ s.. 4la OuenfJa [UJ tor •· CLcnases:. 01 iiie mDi 0t tide&., oa IJfon 
allooatt•• tor ita poadbJ. eztuaU. to otll• ldndll ot 8ta\l8t.loal 
cliat.ribatiGM ad lts cri.I1D 1D tM ..-IE of Bo Oo Jr...,..no 

21 s .. ~&Del St.e4l7 [?),and [8] , 



settle the iseve of empirical Talldlty for either normative or descriptive 

appUcatlcne,, 

2a   Basic Aseuaptlonst 

We shall return shortly to the nature of our specialising assunptlona 

In the mathematical and statistical domainso   Here, however« we want to 

bring to the fore the kinds of peychologloal and organizational assumptions 

we are also making« and we shall try to do this in a way which also permits 

references to pertinent parts of the literature in these domains,, 

First, we shall delimit the environment in which control is exercised 

by focu'sslng on a hypothetical supervisor of a sub-unit in a hypothethical 

organisation^   We further assume that it is possible to obtain measures of 

perfoznance which may be Imputed to this supervisor in each of the activities 

in a set which is assigned to him.    More precisely we shall be concerned with 

relative performance measures Which are. In turn, functions of the amount of 

effort which this supervisor decides to   assign to his various tasks»    As 

already indicated,, we shall effect these developments in a way which factors 

out "effort1* -'  as an Independent variable so that we can use "perfarmanoo'* 

as a Surrogats c    This will also enable us to avoid naving to deal explicitly, 

and at length, with such issues as the significance   that may attach to 

"decisions on effort allocation" and how ti is kind of phenoBtsnon is to be 

observed and measured» 

Second, we shall also confine ourselves to short-run situations and 

phenomena.    One reason for this is' that the field studies — and laboratory 

»  As used here the term "effort" is to be understood as "search effort" 
In the sense described by Slaon [16] and March and Simon [15)0   That iSp 
the supervisor Is not necessarily viewed as expending "toil" directly an 
the task but rather as expanding effort in a search for improved solutions, 
procedures, so that better performance may ultimately emerge from developneiit 
of the resources—human and material«--which are at his dlaposal« 



studiost too— h&vo generaLl^r been restricted to jisät such ehort-xun easeso 

Thus we shall r.bstract from such p'olloas us aging, gaining experienos, 

moving up (or down) the managerial hiorarcl^ and related phenonena such as 

organization reTision^and wearing out of resources. 

It Is, of course, necossaxy to as sumo sone kind of technological 

environment >*iich relates porfomanoe to efforto    Part of this is aecoesodatod 

by the k.'jxly of s9Er»:b-distribution functions wliich wo have already discussed. 

Thus,  in particular, we want, the relationship bet.wesn performance and effort 

to be of a probabilistic nature,    In particular, we deem it desirable to have 

son« t3ort of "diminishing returns" hypothesis so that ths probability öf 

increased performance beginn,   .t soue pointn to increase only at a dunisiishing 

rate witn further effort-,,    V/e also want the prob-ibill-y of attaining any 

porfonoance goal tc be. In gereraT* less than unity even when performance 

and effort are pooltxvely related o 

The multiple-task situations which are of interest here will naturally 

lead to considerations of the possible mixes of performance that a supervisor's 

sub unit may produce.    We shall want to relate these (and the Supervisor9 • 

responses) to various reward structures,, and thereby also relate these to 

possible incentive schemes and maximising propensities of a (more or less) 

elaseical economics variety..    For instance, we shell be concerned with the 

managerial considerations that might attach to various reward mixes which 

might be used to produce perfonsanee mixes that correspond to what is 

desired ty higher management „ 

These kinds of reward- performance possibilities are certainly pertinent 

to the problems of budgetary managements    They are not sufficient of th*»elveo 

however, to provide what is wanted for purposes of budgetary control 

■ 



unless on« la willing tc jjtkc vciy »trong eloipllf^rlng assumpclona on the 

fviiToraatlciial and beharlo»*al vi riftblos wbich ax-o likely l-o br» pi'esont. 

For Instj-noe,  the kinds or inetnictiona that a nubordinat« recidiv^s rj\ 

hia pVjyoical outputs ße.y ento:'' in ways that color or quallig ids behavior 

relativa to the diitiensions of the monetary rewards ha raay be interested in 

attaining,    Wo shall,, in any «vent^ asstaas that this is the case,   W« shall 

p.lso assunc that the v.fiy a ia£ui5.ßement has reaporuie.l tc hie ptirforrc&ncss n^jK."1 

3JI the past will alae influ'^nca his •njn'ent behavior,    finally we shall 

assmias that this hypoiihfltical suporriBor is also capr.bl3 of fcnaing goalOg 

:iiore or leos indopendontjy, 8.KJ that thesa ico vlll infltianca the performnca 

of Ws 8\;b unit throug^i tho inri.icitod kinda cf tfichnological rclat.icna and 

possibilitieso 

Although wa ohall £.88ur.'3 that Kan.iger^önt io froo to change ite instructlonw 

and its rewards in ways that, can affect tho j-up^rricor11« porformarc« via hi» 

relative effort allocacions w« shall altm nuke certain cthsr cjseuoption» 

which also affect the total effort that thii supervisor will expend on all 

taskso    Thus, for instance, wa shall anc^juao 9 stipulated zaaxirtm aaount of 

of fort, at hia disposal..    Although this will be stated in the form of an 

inequality constraint^ the a&xtmiy.ing assuaptionc that we also make will 

(as we shall aoe) have the effect of ensuring that all of this available 

effort is actually allocatedo 

Given these assuaptlons and their consequences^ the^ our strategy 

will be directed to deducing p^opooitiona which, interpreted as predictiona,, 

can then be used to tent the x&cdel relative to situations in which the 

following phenomena are presents (l) a single and fixed technology and 

(2) several motivational atrvctures of prescribed kind relative to 

(3) various kinds of short-run instructions and reward structures that 



a manageoent might tttiJda« to influonce the perfonaanco which such a 

Supervisor roi^\t ;Liidu(?Q in hia suh-iaiit, 

ThasG prodictione ara uhon aVailabXo for aapirical teBt,,-^   V/ithin 

the confines of this thcoratical peperr however, wo uhall go a step further 

by outlining an ox/unplo of a method for proceeding to control ayatem design 

phcnild one of the mctivation atructuros provide predictions which can be 

pmpirically validated -    Specifically,, we ahall consider the following kinds 

of motivational ^saumptlons:  (1) mrodrdKation of expected reward where 

reward io proportional to e^cpected profit;  (2) iiaxiialze.tion of oxpectod 

rev/ard whore rcvärd is a ftm^tiai of the attairjaent or »iorK-attainoent of e 

act of goals;  (3) aaxiralxatioa as ir. (2) with conotrai.nta (lewer bounds) 

placed on the probability ox attainment of a act of ndnimuni standardai and 

(U) naxindzation or ehe joint probability of attalracent of goele in all. 

performance a^oaa,.    For each of these aosnuaptiona we chall determine optli&al 

behavior including the effort allocation to each performance ar«a and the 

expected parfonaanee,.    From theas optimal deterrJ.nationa wo ahall derive 

approxtmato heoriatica liiioh could constitute the basis for behavioral prodictiona 

where Ujaitationß on copipatatiooal ability are aaaumed to render the prociao 

optima unattainable by an actual auporviaor,, 

v; The question of whether or not anything but behavior may be objectively 
mea cured has been a long-«rgucd one in psychologyn    The problems involved 
in attempting to detoxmine underlying motivation structures by direct 
measuremsnt are such t.iat the aelectlon of motivation structure which 
providos goM predict.4 ina of behavior as the basis for the design of 
ayotesna to influence beh^.-vior may conotitute the only operational way 
to proceed even if it does not supply adequate underatanding of the under- 
lying phenoroena- 



Technological Aüatmgtlifnifl, 

In order to construct & framework ••Ithin wldcJi the «ffects of the various 

motivational assumptions may be otudici". it is neceBeary to aesuca sana 

function which relatee perfonaante and effort in each actlv'-ty^    For reasons 

that we have indicated above it is de&irabl« that this function be or« in 

which the probability of attainment of any jerforaance level (ebova acase 

arb5.trarily low le^rel) bg lota than unity fcr finite effcrt.r uiid that the 

function portray diminiohing ii3t\;rris to additional effort A« offoi't ia 

incjreaees. 

Speci.fiecu.lyc we asnuce chat porfcrnancc in t,he j-^ a ti'jiV» -»*»  =~- 

take on discrete vahias a. .r, i^O^l,,.,  ,'o,    liere i.>ß/^m^  Ni ** aM' 

Further w« asor^ie that the probr.bilJ.ty of r.. attaining f "alue greater tht 
J 

or equal to a. . may be axprsve^d an a function of   r .„ the onurmt of effort 

th allocated to the j^ area« by tho aquations: 

(la) F(x. > a .) - 1     for J-l.o.^n 
and * . 

(lb) P(x. > a^) - k^d-o   J   J     for i-l^oo^ooi J-l?.. fn 

where i</  -=>   \^   >   kjtj • 
0 < klJ 

< 1 

k. 3     -0 

aJ 
>   0 

It ie readily perceived that tho attainment probability appivacheo k^. 

asymptoticaUy as    (^. inrre&aee.    The rate of approach tc k.. is detewdned 
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-the pa~ter CljJ t.he poeater uj, the leas the .-ouDt ot eftOJit, requ1Ncl 

t o obtain tho same proyo:sition ot the ~'\rdtirl! ~billt7 of attaS.J-.lt.*' 

'i'ha rr..aefablance t o certain fc.1 ~tionc; ueod eb~where in the contc:-xt ot search 

u we have dena here J:Nvide~ tor conaiderab]:" ~tel' tl.a1bU.".t.7 tbu1 1• 

prodded b,y these earlier tlmct.ionaoi/ It 1a pouible to dltf.,.t.iate 

between levols ot performance d1tt1eult to at tain beoaun (1) \.1• aNI hence 

Y.ho p%>obabillty ot attainment is u.all no utter haw .ucb ettart 1a cone1JiedJ 

sven if a.j is large N1d (2) aj 1e mall thUB NqUirlJII...ah effort to oama 

clc~• to k1 j ewn it the latter ia cl.cee to or equal to 1. 'the clltteNDCe 

IDilY be illustrated. by an artlll<'gJ t .o two ,...., 1n OM the plqer recelwa 

a n1elcel it a toea ot a fair coift (~in hcu'd) eca.e up headeJ 1n the 

other he reooi vee the ~ckel if he rlnd.e it 1D an el&bor&te Chine• pus~ 

Tbe prob&bilit, ot oaming at leut ft.w cents OMDDt. exceed one-halt Sa tba 

tlnt. caee althoup little# it &DT, effort ie required to reach the Ual~ 

probeMUt7. In Ute eeocncl O&M, the Ubl1b0Gd of 8U'Id.aa at laut t1w 

cents ie hi&h, although a conddenble ..-t or etiOI"t. IIIW be •qed• 1A 

the proce sa. 

ror eGIIl8 of tbe .,u ... t.t.on .u.ct_... w be lnw•U...., it ia ~ 

necessary to epecit,y the proba.bl11.V ol at.W w J4. of .. , or at .. t. a · fw, 



performnce lewola as expr«3»ed above   Vher« th« motlTatior* is in terms of 

axp-cctod •/üti.'!«P, hcw^vxsr,  nOBK'tMng anjöt bi? kam«; nhr:'. tho <:*r35.ty of x. 

over itc «titir« rftngp,.-'      wy noüt» t:nat! 

(2a) P(xJ - aoJ) »1   - k^j (Ins    ^      3) for J - 1. u,a,n 

and 
a     ft7 

(2b) PCx. - a, J - (k , •   *<  .   .)(] <3    J    'j'fof .1.-l,t.   .,oo;  y\.    ,n 

Tho «,jm oJT the dsnaity terms ovor i. ipf o! coiir^«, aqtvV), t3 milty avui the 

exfictrd vilue may bo oxpresred aa' 

(3)      E(xJ)^ Clk^d.    J   '•'^    iti   ^-^^^H 1 « 1  ^X 

Noting that thiu oum nuy b« par^.i^.onod into sceicuant tann and a tarn 5n 

^.c wa lat« 

so that, the oxpectad v&lv« may noi«f ba 6ijüp!>J.flod to: 

Higher moiagntfl of thin distxibutvai, ijf desiredc inny be analogcunly dailvod,'^ 

&  It la quite possible that the ouaurr^nco of a parlicul.M- motivation otrunture 
may be influenced by tlie relative estitabJJJLty of oxpected values oo othar 
dlatrdbution paraiaetera wfc'ch retire acme kiiowladge of the diatributirr ove.? 
its entire range as opposed to probabilitiea of attairaaont at a f«w 
specific pointa, 

^/ Specifically, if we define° 

E(x°) - £.(a)     •  Ä,(n). a r: 
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Kc Phali 5ijvc t-tigatc ih« r;japHc/.:tdon8 of posalbl© behavioral 

iv>£':c:\'-v3 to or^u'-is«^-^.^'---^ co,?.t;r>l« witbin. th« i'rMWvork of this  tachnologjo 

Aithatyh the flaiüticn/'!!  Jonaa fcrjjid for th« aj.locatlve rosponsec »r« thus 

li/vrJ.taiio fche in85-glitf) ..ainod {ire note    I'ne methodology to be used Is generally 

applicable to tcchr. j .oßiea in which the probabilities of goal attainment (lb) 

a'/d tho erected  /^.L'^a (5) ■'Jre ccrra e, r.L'.fej'ontiabl« functions in     r\ o 

Tiv-ii whüH ''arid  '.   * ^ techr.ologl';al fono having thase proportias is found 

vjhici'; 'v rocre   pf-ltdcla  t-c ■; X'.'tlcular slination, it may readily be 

■•v>fltitutc,'  .or tlio functiontl i'ci:a. wo havs solectedo 
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Model I - Maximisation af Expeeted Profit 

The UBml aseiraption made in research on the intrafina control ryston 

in a decentralized firm is that each individual supervisor will (or should) 

act to maximize profit-.    The relationship between the profit maxinization 

model and others is therefore needed if a transi-ion is to be provided between 

economic theory and the control mochanlsiaa actually observed in business 

practice«    The primary feature which distingulshee' this model fi-oai otheru 

we shall present is the absence of perceived discontimiitiea in reward 

associated with the attoinBent of specific levels -tf perfonnancoo    Tho abecnce 

of such discontinuities allows for tradeoffs betwo; i performances in the 

various activities which are both determinant and f. lit« — a property vhich 

holds at oily a few points in other modelso 

V.'e pssuae hero that the supervisor perceives his i^wsrl to be proportional 

to the profit contributed by hie sub-unit,, and that he wishes to auudjRize 

the expected value of his rerarda    Assune that unit of perfcrrancsj x., 

contributes in amount 0. to profit, -^    independent of     $**       Then his reward 

may be expressed as: 

n 
(6) R -   I     ß.   x. 

J-l     J     J 

and its expectation: 

n 
(7) E(R) -   E     ß, E (x.) 

>1     J J 

*    The multiplication of all of the ß. by a constant - e.g,, to conrert profit 
Into a proportional reward - leaves the problem unchanged. For convenience^ 
we will assums profit and reward here to be equal although, ao pointed cut 
by Whinston [20] this is rarely the case in actual dacentralizod orgAniaatieos < 
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For the tnchnology assiaasri, w«5 •aay ttjtpress this erpoctAtio» as a SUB ovsr 

tno töuna of (3),  viz., 

n ^, n -o.. Q . 
(P) H(R)   «   i;   3   x. E   ß, (x.   ä ,) •     ^  " •5     . 

Ih? first sunmtlor. ic liviopsnciw.t of v.ho effort, eliocatioii   and Iridocd. 

cf tot.: i effort «xpend«! by th?. supervloor.    Wo shall tfljnn it the tgC'tno^.Oj^ie^l 

opc/jnwij    it T^V b:) 'nie, ^roi-acl as tha expected mLue cf ^ccfit (&nd reward) 

y.«^® J}HIS?!yA5i'£l2 ftffott^ ¥?V!? mmcces3:Ujy.     It ropren^nta the expected 

profit that o.ulc  os attained by the organiaational 3U:>-unit were it possible 

to ati1^- iic that tlio factors of production r^epond automatically, »d.thoutj 

supartf-f^ry ir.t; rvaaticn, to the raqui-iTinants of profit xsaxljaatiorio-^    Ihe 

s^con-.1! soaiiatic*-! raprv3;?€nts the dytrtction f^cra the tc.5^115olosiccj. optirain 

which vould be attained vndpr the aßcvpiption.i of claoöi«&l oconcvsilß theory 

wh«re th: factors of prcdtiction arc cooperatr.ve..—^    *** j*\i»>r "O £«3.*liiXäe 

'ro;'-!.'.  ,' nd hie occ^ectod p«wai,d) Uie ettpsrvieor wi^ras to alloctto hie 

effort ao ea to olnimiae th?.o sum of dotractions occasioned by his inability 

to exi'wad infinite effort.    Ir. pn^lcrj^r, asouadrig hia total effort. 

«ocp-ind.Uure co be }.5j4it«sü to an aaouirt      r     , bis reward icaadadKatia^ luay 

be «xpreaced aa: 

•^    It la related to the concept of ''perfect st^idard" in the budgeting 
ii.lorature      i 5, „ a pwrforraanco that can be attained if no oohed\JLing 
difficulties^  orrcro, accidents, etc. occur - vhich is generally 
virwed as the technologically optii^al jp^rfonsance were the "human 
slpme.it" not to intervene. 

-J    Or,  in the budgeting context-, ^aj'arttre from ^perfect etandard". 



).5- 

KJ?iixi-2«: 

(9^ 

;.       3. (k 
J-l       J      'J 

Subject to? 

n 
r7-. c 

M« almll p.'.iasnnt the r«3*il1:e bjrv wü-thout nrjcf, h 'd'K  ■'.ev- 'op ■'d. tl.i 

aj^oritbn for the yoluilf« of tu:  nrathMTOatiial problem ■V,.,,^-v;HTit» L? 1   ■* 1/ 

1      \   -.: 

the 8DE,licet- whcr« ■ 

(10) 
'/J 

Us y^ovld t-btii'! al'ocaif a3J. of hi:3 cT.'^'c to a »uhcat cf the actir'.lie», 

J, lv^ •: 

J        ( 
rfioffint'tv ie.ivrs.     ^VojCfi>'.i^-f.-" .lar^.»" i-,: dit';rür,M 

•hv?    M:^c-;ia-31>; 

in) 

.a iL 

:«\x 

.m ., - {,, [ ^, > .■} 

(]:;! *• I-.1    ('. 
,1         v .5   (   J 

The optimal offor^- allocBtioni? tir« 
given by /   ?     > 

(13^ -i-  / 
JeJ   :, 

A. 

i 

a 
.IE.T 

for i r J 

rr 
Th« resultB follow fnan the Kuhn Tvcker theorwn \lj] -incl tin extension 
of *n algorithm of Charnee an* Cooper [  •"] 
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and 

OA) C   •*   o «^ ^ 

Li t.h.is for© our eßrlier ßtztaaient i-egarding the nwltlpllcation of all of 

tha ß. by a caiBtaKt leaxdiig the effort allocation vnchanged may be 

roadily verified.    Hecal.!«^ (10) and {12)9 

(15) ^   -   ^ C "/J^ " a
0-in 

Thon, if v/9 multiply racli of the 3- by a co)i3tantr a     to obtain ß. wo obaor*-©? 

il6>      V    - InCa.ß. (x.     aft.)3 - la[a.ß. (£ ^ft.)3 * k -     /. ♦ k 

v   .A. 
A 

k   i     Ä .^ 

üiL^L-. -    j£j_aJ„ 
•*        "*      -m^ -*•» 

-    .1^     a.1   . 
^    ^i- z     -i- ■      Ji- 1      — 

.;eJ   aj JfJ  aJ .leJ     a7 JcJ      aJ 

*    k 

Tlie multijtl.lcatiwi trAi»-i.*orctf*tion ci^rr:^ isiv«» the inequality (H) and 

the equations (13 ) vn~h inged^. 

V'e may thiarefcra ecproso this bahaviorel prediotione in quite simpl« 

fomo    If wo let 

(37) 0.     -      ß ek where    jr        * -jr 

j-j as 

we auiy exprosa the optlnil tffort allocatiosne as: 

£      „JL 
r   ' a        ^^[a   ß •    ixm    a   )} for r e u 

(18) r r   i        r      or 

and JJ 

C       -   0 for a ^ J 



5" 

Substituticn of (iß) In ( 5 ) vo obtain 

(15) 

r./x ) " v.   ""-""ST" for y e J ir   :•   aß' 

£(5: ) «< n for s ^ J 
a    )g 

Thu.g the perfcr-aanc? ax:^cttid at optlrtwa Tor aotlvi'^.-.e r^celw^iit; erTfort 

III i".f,Coi- fron: th:. infinit© effort expeöted valua b,/ an i-^cvX inv^rss]^- 

^raportloraCl to '.h1; pvcluct of th^ nenriH.vlty to .»ffT.c ^/i')  tji« i-slAtiT^ 

contri.buU.w^..-    For thus« not :'3ce.'i.vl. e -i:;'fo.?:. . th€ cx^-lsfi p^rfoir-inr;  VA] i. 

»•e at th.  levsl p.t^i.>.,i!'lc vd tin no effort,, 

V.'e hc/WB thus i'ou^y.  : O/1 ^p^0 h3ui4ct\t; f:-i brh3rl*T-"1   pv-d-i'-'-lcr. 4.i"i'i-,',d 

.i 

■ecTcroiün;?'' a^ ■.no of -r e:;-;':':"..!;:    a.. 
•^ 



I 
Moclel II C> Raw~l"d ae a Ftmction ot Goal At tat IIMJ!1; l/ 

'I'he ecncept of A~;,&a used here, is rel.&t ed to the ~ycholog1c8l 

aapil>atim level = Leo·' t is level or pertormanoe whose attainmant is 

plll"Ceiwd as ccnst~tuttJ ag " uce~s~" and noe=attaimant~ "t&ilure",. 1J 
The role of such d:~sel"ttte l&'ftl.e ot pertomanee in "clecieio&-ce.lc1ng" 

context r...as been exp.Uei :q formulat~ ~ Simon (i.Q " He hat\ postulated that 

.. l ir.divi.dual er.gagel!l in aatie~elng aa oppcsed to my::imip.na behavior" 

P· rfcrmanc" in a tasl ~ ba "acceptable" or •unacceptable" = "" 1n the b.tter 

cr.oe an imi vidual will sea~h ... or altemati w WayP.~ of accompliahins the 

task m.til nn acceptable perto~~ ie tound. The cldaion to eea.roh or not 

i11 aestmEd to e gO=no-g o The ftlue Jl ot pertC:rmaace 1• aaelB*i to be 

1 at o:- abow t ~ accept ble level, 0 ehovhereo It ia ~ ttat aatiet1~ 

roducee conid.dttl'&b~ t he ~')UZlt or intozw.t.ian the illiiftdual. NqUirae aboUt 

t e wox•ld =- e .. ~~ , tll~ a;qx ted contributicm to pjrto~ ot all the 

por;aible altern.a.t.i. vea t iut could be alici tee. by saarch -= thue becl»liing a 

V 'llbl ~}". vivl~ ~ .·. M mer the aGIUDpt.ion til&t h~ r&tiona.lit;y ia 

bounded, 

j/'thie mc:del ~a ~itication of one we h&w pr-eeentad elaM\ere [ 7]., ID 
t.hia treat..ment howenr, w will at~ to aiapl.i.t,y the matbematic&l 
de'nll0}718nt 1n order t o fGe\13 on the relationship ot the model to e:datt.na 
theo17 e.a tiGll. as pre.seirt. heuriatic iaterpre~tiona not dnelQpec:l in tbe 
earlier pap3ro 

Y Thie conatruct baa bean tOIWAlls-.ed in 14Win eteal. [14] which ti"Nte the 
J'B7Chologic&l concept ot valegr~ (~· 11tt.rAet1WDHa) :l.n a MI1Dilr 
cloeel,y resembling ut.w.t,. maz1m1aation y bu OMn pointecl wt b,r 
Starbuck [l r J o The pqchologlcal. tocaa, hownw, baa been on the ohoioe 
of the aapi.rat.icm leftl. rather than an deeiaion attect1ft1 bebamr · 
eubsequent to the aspiration leYel tor.ationo 

l/ Which J1!Q" W inter}ret.ecl ae ut.illt;r, it 4•1ndo 
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Tho »atiaficing concspi he.a bow extended to a wultl task anvirorn»nt 

in an organization - theorjt'.c cotft-BXt by Maich ami Simon [151 *>** Gyert 

and March ClC].,    Th^y postalat^j  as par*^ of a behaviora.'». thacKy of the fiiTi, 

the formation by the ruLirg coO-itior. of an organization (or    one -if its 

sub-unite) of a set of goals -- p-irforiEancas designated as acceptable    - for 

various activities     The crganizationj   enable to eoirpute its long=run expected 

profit (or utility; under asüiwiptions of bour»d.ed rationality, ronmilates thens 

fhort rr.u target:» to provide operat?.or.a,l b^sefi fcr de^i,»J,.rn-*n'.,.H.n£i 

The behavi.ora.l thcjry ex:e.-.c'^ i,o '>i. ssaiHip'-.ic.ii '"hat    if perfonjanc« in cr.A 

of the activities appears to be fallir^ short ci' the  oarget,  search effort 

»^11 be sencentrated in that activity«    The theorj   ^oos not„ however-, provid« 

for tiie aD.T.cwation of affcrt botwaen two such activities or evon which will 

be atteiiiod to first if a 3equenti«Ji  process ifi (??nvj.8lcr.ado    More broadly,, 

the decision as tc how to a] locate effort to all of th* activities where goaJs 

ar« ass^.aod to exist for luturs (r.s yot unrecorded) psrforwanse has not 'oa«a 

considered > 

To this end ve wish tc supsrimpnue on fa/d perhaps do injustice to) 

the satisflcing thocry a function which combines tha various goal attaJmoent» 

into a single rerward flguie,.    Wa a?<sw«fl that a relativ» weight may be 

adsociated with the attairmant of eÄcl; »oal-,    We extend the bounds on 

rationality to the extent thet the probability of attairtoant of each goal 

as a function of effort allocated to the activity is «oduEüd to be knowric    It 

should hi pointsd out that this lac*-, roy.ires the computation of oily ons 

point on the density over the entir« ran^e of possible performance 

V.> postulate a goal, git in each of the activities and a relative 

importance, weight, w.v associated with attaiornent of the J *—* goal.   We define 

a goal-ettainment operator, 2.,  such that: 
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f 1      uh«r« >... > g, 

(20) %t -       / 
f 
j    0   vliex-a x. < g. 

astablinhlng a dichotoiay ')etw«)eTi acc«ptÄble and Tinacceptable parformanie., 

Chvi organiaational 6ut rr- .t fjuix-rviuor porceiv»8 hi*: n^ward to be dabannin'id 

by the tctal of his jroal   itl-aijiments waightcd by their rglativts Importance, 

1/ 
or.   " 

We nWoer the activitiat   ;J that. I'.r ,J - 1,        r i. T1   S/^W *cr scae i{j|) X) 

Is 8*lo{;tad ai«J denoted V .;..  tlra.llir^y ths asg^'-'ued ^ff^« ^ denooed by (.^ 
j 

Fu.r .) * m T ?..       P . v* -, ,7.   r 3i " •>        -_:„- '.lilü. ,-.17 be attained wi^.oul 

3f ."err.      11,,, probabilltiei o* at.vuirt»8nt are then gi^'sn by? 

'ml ra 

■    ) 
i        1 ^   ^ " rt*1/><'-'°»n 

>•. 

.1 

^f 

In a uvannor anologoua to that described for Model I, perfomanc« and effort 
-iH^j.tion may be eh^-n to br invari.ent under a multiplicative trenafomation 
of th«; W.„ 



· Recal11.ng that we aaatJite i n t hi ... model that the sub~un.tt euperdao1• w13hea 

(23 ) 

.. . Lncs .. hA B"lll J:arv:•.eo.~ . . .1 o glin f i•tu effort '1.. ·-OC"- i on t o act 1. v:i t i( e 

probl em: 

(2 ~ 

~ .... 0 j 
j ~· ' 

ll 
... 

., .. 1 

Ill . .. 
·~1 

,. )t'l " .... 

~ ... ;. j 
'VJ :f :i8 .·i j 

' .. "' 

e.~ < ( 

\-.'hich - .• a th~ t :l " f :. ... :tc\.:ntieal to t hat. of l-!odal I o 

\'1 e d. f:i. .~ : 

( 2 ~a ) 

(2 :)b 
n 

J •. j ( j > 0 ) 

1'\ A 
'n~ ·m we renur.i)or the S '' J'.i...rit ).OfJ t,o th!!.t t

1 
1 . th13 l.a.!·go&t t

2 
t he na:d 9 e.ul 

o on ~ The selection •>:: -.ho lc t't:·~ ~ 

• 



~~ .. 

" r .. i\ ~ e] 1 :.t_ 26 mitr i r > ~'~ ~ !QUi '• reJ r ~ ., ..., - l js:J a.j e/J 
jtJ j 

• 
J { l : ,.2 .J 

J. "-:t' g 'etenzdned · ~'lS set, t htl opt1,.ul t~ffort &lloca ,ions are ginn b7 1 

( 2"1 } 

/ ( e~r .. 1.. [A l t c- ......_ __ 

\ «r l'" I: g !.. 
jcJ .aj 

G '· e s ,. o 

~ 

,.. 
( t w ~ 
j cJ Clj 

~ c)l 
J 

v 
tor r & J 

tor 11 1- J Q 

vleax•q th s ol·.rt.icn 1r.; too oompl ex 1n ltfl exact rona to expect that 

~ 

~!l in:tl'rlduru. lt!i.~l conaeiO'olBly ~ahat;'f; :oeclee~ in ttde taeh1ono S1aplit1aat1ona 

5.1~6 }XY.'-aibl wi . 1 <lddJ.t. en...,: . BP.'JitPtionn. ~ ehill prodde one as an u.BIIpl.eo 

ppose t he pr ~ ·..tcr.s (a.J ·jc ) are ditJtributed a.cccrd:tns to a special form o~ 

t o P- J et.o dietr ibuU ~n E:u h that ~· 

.. 
(28 (a.j~jcj ~ (a..~w cl 3~. n 

l<¥er bounde, 

b7 If max 
t li t.: 0 

"' A t 2 11 t 3a . E:t Co ~~ .With thla apprmdmatica, ADd denot!Dc 
A * . 
t 

8 
t htt (. r 1n (21) beca.• ..s apq 
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«a-- tnai   ^   r   <        V   r      BU Lhdö with this rule- tn-j effort 1» 

«Mtpended on possib: - -'ewer   taek»  ths^ ii, the exact solution     Taking 

anUlogarithms in (29) and substituting from (26) vo obtain 

'30) o    ^(^ 
7 -> 

the larg^at (a ^.cv   not. to racaJv« efforJ-., tbw effori will be aiitx^v^i 

euch tha'; the v---   »"^vlty r^c^lv?» effort, -^o the e.rtent neceteaiy tn 

th T 
tti^ln ■'.-le 1—   ,ic*C  -dth ptrobabiMlt)        ''l     f  ' ^•••'^^ the Waiting 

probability,    "bus,  Ü  all c? tiv: avallBb^e effort ir. allocated to thr«« 

actiTitViB then tha gcaJ   \i\ wiie ^n^a^ activity will h?/w an attaimowii; 
3 2 

probability of fc« aly thw »e«and r ^«.. ana th# tiiird - @-o Whether or 
4 •*. 4   2 .in     3 

DO't this klad of hev.ri.sti3 will be loarcud or adopted by ar». indtridual may be 

tested l.;\ a   abrate^ exoeriirent whore the rolatiTe sises of tlie (a.w.c^v 

tt^' v,ö     .tarniJK-.J at 1 .\11      Iri e. fiell situaticn,  the /onn or forirTJ oi.' 

heuir'.Bt:".» a apeoific ci.  thn actual cr rjerceiv-d values vouid neea to bo uavwlopwd 

for tea*      Ihe case given her« la merely decianstratiire of a poasible way to 

proceed    rom an opti^ÄSr»? j^ihen» based upon the exiat,-,nce of goalis to a 

he.<r.Bt'^ which producaa   ir approjeiiuato scluiion to the ootlmizatlcn y^obleci 

wbsd si aal 5 ity omLoM it ^/ed«^ o it. \ -iAudidat« f^ a t.iai boha'.ior 

Ii the aatisllcJng lonicxt.-, the interpretation ot the solution aerlte 

additional conuidera b^ on       It in assumed 5n the behavioral theory of the 

firm -^ .^nd in business writing generally that superviaory effort tends to 

be sufficiently limit*d that it is the "exceptionsn or unsatisfactory 

ae devej.rped in Cyert and Mar«h    ClOl- 
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performtnßo» tü&t reocive attflntlono    In Ita «lisplest form« the •olntlcn 

suggests a partitioaioj of astlvltler into two aeta- thoee whleb reeeive 

effort and those which do noto ^     For thooe activities which inltlallj 

had goa].t> above zero-effort performance    and do not receive effort it 

would seem that satisfactory performance for them has been redefined to be 

toerc^sffcrt perlbraanea- 

'/» might therefore propose a «oojeciture whose investigation Is beyond 

the u?&pe of t hie papa", vir:   tliat the goal'Setting porocees is at least a 

two-ot age process c.    Thn laitial ^oals are weighed against the effort available 

for attaining thftni   by an optind^at J.oa or heuristt« nethod     The subset of 

act! HLtiea for whieh goal striving 1 a represented by receipt of effort* «re 

then tak«n to be tb« goalj» seto 

]y'     ricarly a dichotccoy between recipients and non-recipients of effort 
could hold for a large class of assumed technological or reward 
functions la addition to the one used hereo 



llp4!l l - ll!war4 ¥11.\r-!tiOil S11b.1ect t.o Conet.J"!1nta on Ipi1,Ugal AcY.Y.t.i!t 

It haa been auggented t hat the PB.J~hological aspiration level. la not 

a~...w.lued w. rather, that an in:lindu&l hll.z 9 with napect t.o a p:vcn 

taek, two or mare level~ at -nich ho perce! Tea diaconttnultloa in satisfaction !/~ 
Ill the i.llll'Utr!al oontl'Cll f>n'lii'ODioant .trequ'fnt)¥ sewnl etud•ll' s ar• 

toaad to mat for t he !lamtl taa = o, g ... , "per teot" or •i4eal• stan,:1.&rcl , 

&ad. "attainable" et.anda.1'Cl, a "basia" stamard ... each earryi.Dg a ditferent 

cannotaticm o.e to t.h~ daairabil.ity, or nec<Jssity, of attaimBQt ., In mUitarJ 

intell."..gonee, cae level of info:naation is e&tegori~·~ &e "a:a! to l:r.~", 

a higher 1• w l u "Dice to h~. 11 

a goal gj whoa att@.i.naont ie pera_~tftd as aaeooiated wl.th I'W&I'Cl v.1' a 
r o 

b1Per goal gj wit. MfWarG ".1' eteo tbvioua~ the IDibel' ot coa1a ud 

rellal'd• can be i nerelu ecl unttl, at ""'"le llait_. ewey lAnlel ot perlGI'IIIII.DCe 

tl'f.At oan be recognisecl i., a, ever.r &s..1) 1D aesociatecl td.tb a part.S.oulal' 

Nlf&l'd, It all or t e 1.nc:NMntal. :rwarda are proportionAl to the 

per!"ozw.nee incrmaent.o t ti.th which the7 are aaaoaiated., tM neultin8 

rward maxilai~at.ion pl'oblan 1s identical to that of pratit •x:hd,satJ.oa., 

jJ For ex.uple, Gardnexe (l :c; ], o 65 W!getttaa 

~f.ght not an !r~ividua.l i n a task such as cl&l'tPt.hrowiai etvtain at 
one and the BaM t.U. t.. wilJJ. hope tbat he vUl. make a perteot bit &Dill 
& more prudent hope t hat. be will at least hit the tarpt., td.t.b 
perl1ape N1 additional, eeltn>COMCious ho~ t!at htt v1U DGt. appeuo 
tM awkward 1n the f.t7&EI ot t he. experillentezof · In ot-her .,..... • la tMN 
not cor.aidanble likelihood. that. an iJidi...Wual.Va ..... • oa a pwn tl'1&1 
an .m.t'old. nuctQUI.t.. eph-l"al, am cl1tleri~J& qaa11tat.1~ .. 
well u quaatita~.~!· vit..'l thoee a..t. td21cb ill\IIOlw a •peaitio...,. 
ottcm g1 Yin& W7 t.o aime which oamot poeai.bl7 be deHI'ibed iD t.ea. 
of BOON 'ftl.,_.? 



I n ~' event extenelcn or the IOOdel in thio dil'ection is trivial, at leut 

vit.h the tsch.nology astsumad. ., 11 Furthermore, u.teneiODB of tbia kiM do 

not allew .tor Q\!alit&ti ve ditfeNncea 1n the wq web multipl8 leftl.e 187 

be treated ... 

Take 0 as an exmn le, a st.udent who detinea as "goad pa•fozmanaew the 

grB.! e of A in tw of 1 · .e co 1!"8 s ard B :tn t hree othsi'a .... Let ua turther 

su >pose that one or i:.ht::l latter i u a eours~ llhicb ,_. relatiw~ '11111.apQrtant 

to hJ..rn ~ say <: far l"'Gmo~ued r~ his major .ti~ld = 8lld att.aiDDN'lt ot a B 
. 

:.iif.fieul.t a s ~Jell., Ur~:ier a ssump'Gion of tha straightforward rew&I'Cl-.Jd.Jilsa-

tion problem he might well arri v~ a.t a s olut.ian 1ddch allocatee ao •ttort 

to 'thl a co-ure~ ., Prosutd ..ng the s tJroo--e.t.to ... t solution to be a .taU1ng g.Nde, 

· it sNmB !"M5onable t o asatae t.hat although it Jllipt interfere with hta 

go,-..1 pertoi"mances in other cours e the student woulcl not vteh to taU till• 

em ~ lU,rs generally, ha Jldgbt wiah to make eure that h1a etrort allooa~ 

ass 11'9 him or a small ~·robabllit;r ot failure in each course, repl'dleee of 

the ilnportanco to hint ,r good performance in the oourr.e ., 

In the i.rxluatrla: envizom'!nt., eimUaxo a:ampl• of q.U.t&tlwq 

di torent treat.!I:ents autivj.tiee are psrc.S.Yeelo Suecesa or ta1lve of & 

~, - - -- --
b It ~ 1-a ehown that., f or a aet o.t soals L 41 k•l8 ooa 1 P, uaooiatecl 

with a s5t. c.t NWP-1'\is such tl 'at wkjis the~ptiw incrmtatal 

re ard o t.dned by attaining It rather th&n 'tc=l where 

--a" e" P(xj ~ !scj) ,. ~j (1~ ) • 

it is •rely n~ceseaxy t o eubetit.1Its the quantit: 

p 

I " c.. Jcwsl kj -Kj 

for w J! j in the rw&Icl max1t.,1 ut.1cm probl• sbawn ·a the Jll""'ioaa MCt.ion., 



eu mear in moetiD[, a producti on d a.d.line :!."esaly a. p<".J&H m a budgE~t 

ova111&t10D; 1. ~ al\fUd.ng t.h~ o~ots ineur.r"e"! y rt'ias on c.f the teilun s.n~ 

se~ re~"'lected 1n anot-her auperdsor9e aceountso Y"t, •etin« production 

clwU!lM tl'eqaent.q ,. eu to be tabn aa a "giwn" 9 such ~.teu eec to 

haft t. clmnant role: which cannot be readily percldwrt lil'ith relat.ive 

w .igh 1ng sch••s .. 1/ 'rhey- aeellll t·o haw t e c) ara.cted.st :Jcs of a 

'!lie~~ ar.~ ot cour e , ee-n1!'al wa.,vs j.n which such quelltative ditferenoea 

a-t ght. be rep:·auentedc As Ill ~DmJl".el 111 present the !'ol l w 1ng (simple , 

l'f)pr.setsJ~icn i n whi ~: ~l h<3 supn visor oet.~ limite ot~ the pr.obabilit7 

Gt ~rtcmar~neau .fal Li.."l ~ . bel saDD "l:dn1m:um ta.ceflptab e" ).ewle" d j o 'llun'e 

u a asn ed to eadst "' 'l a e• bet!lt o! the activities tn -,mich he is etri~ 

xr· ~ :inte~e:~ ecru· eted by one of tbe authunt 1n connection with a 
field study [ l . .. ··oremen q eried about t heir goe.l8 ind.ir.ated soma 
variant of "well, t.h& produ:tian echeod.ule has to be i,wt ... and no 1t9 e 
about it" but could not put a. relati ve weight em this target 111 
comparison to othe goals NeTertbelese, the.y s eamed to aeeocia .e t he 
attainment ot other goale a.· uaU&ll.y cost and quaJ..it)r ~ with the "aCOI9= 
cards" their superiors kept. on their activities tor retent.ion am 
pNJDOtion du:iaion o 

:U ome or t he s.ctivi.tiee are not perceiwd as having goalJ which 
cor&t ribut.e poaitiV'!l:cy- to hie rewards beyond att.a:i.lWlg the mirWlWI'l 
ac ept.able levsi , t hC!J may siJnply enter the r.ward tunction wit h 
zero weight and some d~ goal ~ e g o» the minimum acceptable level., 



We awj.jB« the rc^</arc ruction and tenrinology of Model II except that, for 

8iiapl5.3ity, W'j J.gnor« the possibility of g. * a  , or d, * a , and aeoume 

that 

(31) P(^ .^dj^ -Oj (1 = e     ^h 

wliare c, is the k. . ui.'ociated with the performance level a.. corr«8]XJndlng 

to d..,    ^or conr-snience, we assume that the n activities are numbcreiti 

i.iltiaij^y so that the first m of them have ndnimum acceptable   levolu^ DaflningCl   F. 

a» the     zuaxüiraiü risk of non-attainment of d. the supervisor is willing to 

take,  v^e may et'-.te the reward maxlinisation problem as in (2/*) with adjoined 

constraints, .^i , 

n «a    £ 
(32) Miiüalzex       E     w.c. •     J    J 

j-1     - J 

Subject tot    c. .<l-e     J   J^ >   ft.f j-ln  ,.a,B 

" f, < C 

Although straigntfonrerd   app]J.cation of the Kuhn-Tuckor conditions is 

possiblec the fi)?J.ovdn^ transformation simplifies the problem considerably. 

Let ^.      be defined by the equations 



29 
99 

'■^ -i « '    J   ^ -Si 3-1.       , . 

C, - 0 J  ~ m *1„   .    , n 

Th*n w» rtffert a tramfona&tlon or the f. such Uiati 

(3^) f, -C - £, ,      J -1. ^c. ^    ^J 

The adjoin«! oonutraiiv,*.? ar^» eatiDflad if and onlj if ron negativity 

holdo foi- the     v, ^    D^üiiing 
J 

(35) C -   ( 

it is cl«ar tha^v    for Lie problca to be feaaiblo,    ^ >   0     Th« trarii/onaod 

problem niAy be abated I"? 

Mj.aind;53 
r 

V; 
n 
I 

/ 

< c 

«. 
> C.  J-l, r »     14 

'fh« inath»>raatirsQ. loliv-nn is, of 2our&Og Identical to ^hat of Model. IT 

The behavioriatic Viterpretatioa of the of fort allocation declai on nwuio < ■% 

best viewed es a two utagc process*     "irst, the eapervlsor allocates . U of 



the e.ttort. neeee,saey to eatiet)' tho .._.,te• "" the lilil'l1llla pertC~~W&nCe require= 

mant a he ~rcei vee t o exist o Ther1 he allocatee wha tnv ill left onr to 

reward ma:x1•1 sation., !/ So. aort. ot JUChan1a ot th1e ld.nd 1e necessary to 

explair the occurronc6 of situations where inereu.S ditticul.t7 1n aa. aet..'l vit ;y 

- e n go 1 an extremely tight )roduation echeciule BeMIS to caue & whole eeriee 

o ... bud0 et "exceptions"' (tailuree) without a eol"'"eepondill8 increue in nwa:rd 

a~eociated with t he nctivit;y., Under the unconatr&ined reward JMxha1zation 

model 9 a eufticiently great increaee in difticult;y would dri.Ye the actidty 

!row the set of activit iee :receiving ettort. unless it.e contribution to 

reward were wry higbo Ir the w~ight were high. however, one would apect 

a consi derable amount of etf'ort dewted to the actidt7 generallT • ewn in 

pe iOC:.c, when attal.nment is eaey • with a resulting hip upectecl pert~ce, 

The last ie not gen~rally obserftdJ things like production echectulee •-

to be met consitttently but exceeded rareq., 

Y A sia11ar dewlopuent, and e1w1lar interpretation, oan be oonat.nct.ecl tor 
the prot.l.t mu1m1.:mt1on IIOdelg i oe o euppoea a auperri.aor in a clecctn.JJ.sed 
t1rm ie 1 ven profi.t JMJdw1 ut.ian inatnotione but. (u .... t.o ocov in 
pract ice 1.8 also expected to ~ere to oertain policiee pre811111Cl DMeBHI7 
tor coordirta.tion ct the acti dties of the clecmtraliHd 111d.t.ao UDder theee 
con11t1one it might. be expec~ed that he would allocate vbatewr ettart is 
left over f~m th~ eatietactian of epec1t1c pol1a7 abjectl9e8 {~e 
at &inment s aas5.er to meaeure) at .Sn1•• r1;ak t.o PI"'tit. •z1wdutian 
(whose moaaul"'8.1Mnt. ie more 41ttJ,c:ult.)o If t..~e po11q abJeot.i~ &N 
ditticult to eat!~sl'y • t.he ettori. allocated t.o ~tit. laXimtaat.icm _,. be 
eull and pro!i t . eN" Such a pben.-non coulAl explain the a:iatmoa ot · 
profit objectiwa t n addition to (ar iutead of ) protlt. JMX1wlsat1on 
nstructime, Should ot her polla1ea be 1ncoapat1b1e with aattici~ 

high protite an infeasible problc- than a re=eftluatioo ot other pollciea 
Jli.ght reoult •ther than a c?D:t;.imaaticm ot a pol.iq eti'UOt.ure Yaich eirup:q 
produces low profits ~ 



=)1~· 

Jlodel IV - Haxiudzation ot Prob.aOllitY. of. Attainment of All Goal.! 

In tbia model9 we go still one step further in the direction 

of reduc:ina the importance ot relative wei!')lts ttached to goal 

attainmento S~c1f'ical.lT, we aasume "good performance" to be 

defi.ned as attainment of .!!,! goals .. This is particularl_v r vru1t 

to th!l situatio where 'l:.he goals are view~ as .minimUBI speeifica·~ 

tiona without ~oae attainmen the entire product. i s c~nsid sred. 

unaccept.ableo 

Take !! tor ample _. the sp~c1fieat1ons for an abplaneo 

Among other tlu ngs, minimum top s peed., minimum range.r m1n1.mum 

pqload D etc ~ , are speci!iecl in aavmceo No 1ncreasft in top spe!Sd 

a.bov& tllis maxi.muln p however could com~sat"& sa.,y !l for an 

inab lity to t ake ott with a pj.lot eboa:rd ( a.asumi.ng thi s to be 

a. roanned aircraft)}/ 

l n t he cont rol enviroDlllllnt context t o llrlch we have rel t ed 

ur other modele; , s. eituat.ion ma_y be compr ehended in which a 

sup r i or ' s po · ey mq be stated as "no exceptions will bo tol6rated. " 

uc.l>t a. policy w .... s followed unt il quite reeently in the promoti on 

of nr l ta.ry of fl eer s; only officer s whos e e!ticiency rep,rts wera 

:perfect Ulr~"~ughout. t he r career s eould be r ecommended !.or earl y 

rramotiono The business exscutiv who as 9 for a report of 

explanation fro &very supeni.sor who failed to make any budgt) 

i s tollowtng a s imilar i! soz::$v..'h ... t ! c;c z :J! ?el.'"e,; r~l:.cy o! 

!/ Another pl o, des1.!"1led to be UJliD&'Ule might. be des:lgned to 
f v fas't ut the specifications for t '11s one call !o!" a pil l'.l t. J 



panalin ;,g ons or many dsviations equP~l¥ o 

Um~ a!\r of t.heae conditions or-1¥ at t.aimtsnt of all go ala 

will su.fi.'iceo Hence, maJdmi.zing t.he pl"'bability ot a.cceptabl.~ 

~rtorll!.allce = the JYrob&bility of attainment of all goals ~ 

81=' 1 a. t t lrl.nments t o t o r.depezldent , t;he jolr.t probability of 

\' 7) 

(JS) 

( 9 ) 

() 
J . L ) 

- LD ·--
n cj 

A 

s t.hat t he problem ~ be stated as 

Mini;nize: .. ~ 1n(l = e=a.l j) 
j -=1 

n 
Subjec to: t (j < t: 

j~Bl 

An explicit sol ution fo~ _the ~ j is not available readil-Y, it e.t 

all o A approximation to the explicit solution is available 

which ma'< os use of the tact that unlen the probabilities ot 

n ... n- at tldraent of the ilKlividual goals are quite small the 



prodl.lct or the a ttainment probabt.litiea would bt~ meaningless 

as a criterion fu.nct1ono I eo fJ what is the meaning ot aaax1m1 ozj.Qi 

the poobabUiv ot acceptable pertOl"'IIBnce where, aq, it is in 

the nei&hborhoocl ot 10%? The derivation ot the approximate 

solution ia gi 'liS\ in the a.ppentix o 

(40) 

(41) 

Specitical.l,y, the optimal effort allocation is given b7: 

and 

;v 

./A-"" exp(- 1 

p • 

n 1 
I a

J•l j 

' j • 19 OOOf n 

Because the failure to attain aey goal would rewlt in a aero 

possibility or acceptable pertormauce11 all activities must 

receive ettorto The requirement that the non attaiJIDent 

probabilitY' in each actirtty be small is eseential.l¥ a requ:\.re

ment that""'"' be smal l relative to each of the a.j or, altemat.iveJ¥, 

··n 1 
that (be large relatiYe to t ;- ln CJ.j u mq be seen in (4l.)o 

J•l j _ 

,.., - ~ l/ ru. upper bound tor M 1• appron..te~ ~ <1 + eJA. > .. Thu A 
-2 u aft appi"GIX:lati• to ,4.{ ia in error bJ' no aore thaD f>)A. o 



Whc r e ..c.(. i 
.A.(.. + .c:. _j ...-·--

_.t!.~ .. 

qu i t e small ..-.. i s a c od app rox imat.ion to -.... nd 

E:~::ll:li nin not.c: 

r. l l n ~-. -t 1 -~-J 1 n 1 v 1 Q'_j 

'i'h's appt o~ i li.t : n s ' de. · . al to t so l u i. n of t he reward max-

. miza 1. n p rob lc;n of H de l 1 \~h r e i .. a r ge and t he C j are 

al r l t l . ln t he curr r. probl em e qua. l ~ j are tantamount 

qua l \1c i · ~i 1 t s w. ince f or t he same reas ons that roquire ~ 
J 

t 

o be small r e :l t ivc t o al\ j, 

t i·e cri c ri o. :: o be mea i;~g fu l. 

he cj must al l be close to l f or 

ThtlS \JC t-•ou l cl e~tp e\:t s i :ui la b:-abavior t o reaul t f l·om a "no 

e~'c e t i ns u p licy a nd D policy of no t d i s t insui sh i ng between 

:~c p ': i .s wh , e : 1) the asaoun t' u f c ·fort av:1il able .i.s s uf 

i i cn a t a 1 ac l t ' e would r cce~ve e f fort ; a nd ( 2 ) 

t (' 1 ~. l 0 re>ollb i · ti e .... i 1 a ll a t i.v 1: • c c a e. l os £: t o uni t y. 

, ht! \ J poli s would s eem t o be 

t ha · 'c cw1 tin~ ex <'pti on 1' t-1oul d r •!m:J.in a v· ., l c o l icy if to t al 

s h ul ' e s uus t antial l y -cd n.:cd r s ome o t.he 

r b · ~r t'tl y d : · f ! c u l ty in it .lations wne~o·a t i.a~ " no axcc?t i or-..:: 1
' 

poli y would case to be viab l e. 'l'bero is a aafety valve in or1! - -

lity t drop an 4cti vit/ -- t hat d o s not exi s t in t he other. 

< n · nd · •.· U3 l ...2.-L l>e motivate.d to respond to 

c::. ·•t po lic . t h c ho i.'-e bctwe .n them would s e em t o be d icta t ed 

,.,.._ . 



by ,,•hether it \.Z8S desirable to drop a subset o f aetivities or to d1 1p g<li!1J' 

attainment probabilities generall if diffi~uJty in one or more goals 

increa3es relative to the effort ava ilable. 

lelationsbips Ap!ng the Model.s 

At the beginning of this paper \·le noted the poss i bility of a 

Jiff~rence bc t:\leen the cs ·re" of h gh r managemen.t an the c r .i. ter i on 

function to 1hich a supervis or might actually .res po d. If such a dispar i ty 

exists , it is in the interest. of h i ghe r ma1,agcmet . o tran .. late , i. f 

possible, it .> cr i ter i on funo. t: i n i n nuch a \ lay that th~ superv·sor 

satisfie:. it pet·hnp s approximately 

t is generally as s umed, in economi c ·treatment r. of control in 

!I 
decentraU.zed sys ems , that the superv i sors o f the decentraJ ized units 

\V'i ll or should) m.aximLe chc profits of their i nd ividual un i t.~. The 

r esulo.. i ng overall pC' r formance \Ji 11 then b , opt ima.l provicled cet'tain 
y 

cond ' tio son the i1 tcrrel ti n~hips e un i t & obta 1.n . Suppose, 

ho\:ev r , tl.at the ur ~ t supm·v · s or s c an re !lpond o goa l.:, l. ut do not maxim zc 

pr fie. The control prob m rna tll n t at e LO t e rm o£ des i gning a set 

arne e ffort al , ca ci on :> &nd per ·ormancc s ..... 

Recallin6 th 1. • t 1ema i.e .l rms o £ h ' func t.i onals to be minl mi zed 

i n the expec ted pr ' t maximi za tion an reu r rna. i· ation mud ls , Yl.~: , 

n -'(. ~ 
I j 

ll. {~ ~ a e J 

~J J j oj 

lf3) and 
n pj 
l: \ ] .. c . e 

j=l 1 

I s .. fo examp e , ArrO\~ 
"""' 

I thor ough reatmel ' t \Ji ll b f Ull i n llb i n ::.; t n [ 2\) -



an int uit ive f :>rtl\l i at i Cir. ::..c c lear. lf t he reward .· , u. , and goals, t ; 
J -

- t r he·n :" t h e a ... ~ ciat:e c . ) , are chos n u ch that , f or the activities 
J 

. • e _ i g cf.:o.c t , \111 t:h rro!it· max:brJ.2.atioo eol ution) " 

L>4) 
... , 

,., e a k [~ , x - a. ) ] , r E.J r r ~~ r ~r 

ar.d : for t c ·~e nCJ t r ec ·i v i ng effort in t !e , r ofit maximization solution, 

j .J 
r !l ( c •• :1 )) 
\o r.. oj , 

J ~ 

_._, .... 
-'"'"" 

Tl· t is r to · asure t hat. 0ffor.~ :l!: not 3.llocated to an act.lvit.J' U. NVal"da 

nrl,f, or 11m! -~ prubab!.litle~ of attai~~m .. 9at for aed ~be ntts.otent)l 

en 1 :to A siup.l.e e:cpedient whi :Jh rdro.ml ~o• +-be ~- of o~CIIIt.S.Gil 

W • Oo 
8 

A more r tgorous st~tement of ~e necessary and sufflcieat cODditiODS 

i s r oved as a thao em i n Appe1 d i~ t . ~.cse fo~l relationahips are leas 

i n t ere ., t: ittg , c.uever , than the ·r: lative simplicity of the traslaticm. 

Silnil•:.r t r ans l a tions can be developed for th~t othar 1104ela. We have all·eaay 

a lludecl to the s imllartty bet,·u~en the chnnc2--constrained reward uxilllization 

probl em of M del I I I and a sim=. arly cons t~· - i ned profit ~iaizatiOil model. 

Al 5o ~ th eqn · va l eu ·e l•e t ueen t .e approximate solutiOD to the MDdel IV 

probl:mt and H r e\Jar rl rno.ximizat i. n problem with equal weight s attached to 
JJ 

eacb ac t .' vi t . expan s t he scop~· of po3s ible translatiOD. 

JJ Not e , bo.,ever, that traollation of profi t .axi.miz•t iOD for a aupenifor 
respond i ng t o a "no exceptions'' policy i s severely liai ted uoleiS eome 
"<;ray of partit ::. n ing the a c t tvities may be found euch that 
11 / X'j - a 0j) • ~lk iic - · a0k for all j, k. the frequeDt ocCUReuce of 

"no exception'' pol i cies••f' . g., in aoverw.Dt pu~u• ccmtractiD&•-.ay 
attest to diffi culties involved in. specify~ criterion we~t• or 
perfon~ance contributiODa. AlternatiYely, a re--fnatioD of dae ueful.Mea 
of suc.h contractilia proce-iurea ·My be SUIP&ted. 



to profit maxiniizing behavior. An obvious altern.ltive suggested by 

the re lationshi ps invest:i.gated here is the translation of the desirea 

behavior into t.he mot ivati-onal frame\-tork of the supervisor--if such c. n 

be established--rather than attempting to modify that framework. 

Conclusions 

He have investigated optimal behavior in a variety of assumed 

motivational s i tuations and the relationuhips bet:ucen them. We hav,::! 

e e loped heur i stic npproximations to some of the optimization proc edure3 

\:hich can ~cr'\."c as ba .. e:; for behaviol:'al prediction .. in actua l sit:. 4ltions . 

.An illterpretiYe lb:d.tati011 should be noted11 however~ We ha'Ye ae._td 

throughout that an 1nd1Yidual ;• blhavior will OC!Iltora to that ltlioh IIDX1 

mizee some arit.erion either exaotl.F Gl' appi"'Xlu.tel7r. ihpirical ftl.idatio'fl 

ot th.e beharioral predictions would not. ftUdate UJdnd ution u a Dlt)tin T 

tional driYe or aeeumption but rather the pred1~tiYe uaetulnee• of t~e model 

ror deei&n of eontrcl qat- ~ !he latter would be analopu to thti usage 

ot the pr~ncipl.ee of leaet aatian 11 least canetraint • .tc., lft the pbJre:l.cal 

sciellC• without the aeoript,ion ot a behaYS.onl tel.eolo§ to lnaniriate 

objects -

We haw att-~d to llhaw hall the •,..•'ainaiiOdela are related t.o 

certain "rules• ot behaYior which 1D17 be Rated ~lc~ - tlo!•" 

"tirst work on the act1Y1t7 which hu the l.Rrgeet produat ot rwtarn t o 

e!tol'"t. and NW&rdo" 

But poeater •pec1ticit.7 ~ eo!o o llbm to at&rt. world.Dg on the eatX.M~ 

requires~ greater inflorpo1'8tiaft ot SGphi.t.ioatecl ecaputational 

routillean We haw thul, at beet" taJtwn an)~" a .tep ln the dii'Mtion ot pre 

di~tifts \)'pea ot behnior )lhicb appear to be hi&hq propa1a1d btat. <le'Yo1d. 

1 .. 1 • the ~ atoN ~ ~~ O,el't 

and March rlo] and Clarbae•• [91 t....t ottleer ahlblt behaftor 

wtd.cb i• ~ J1Ncl1.table ~ Ute beba9SoNl JII'CiCf 1 wbiCih t.h., e-.cl 

to haft deYel..opecl· tor theniMlwa.., ·The Nlaticnahip bet.WMn tbaH .P""graaae 



and an underlying moti vat!onal t rauwork is not. aad• exrlic i t 

Implic t in the destgn or control syst-. 1• ttt. 

· oblem of altering i)oha1r1oral programs 9 a pmbln whoae eolutlon oCNld 

~~ 1doubtedly be facilitated 1! it were possible to alter hehaYiar b3' setting 

_ propriat.e goals r ather than by alte:.-i.ng the programs 1ll detaU, 

Thus, an avenue suggested for future L.ileoretical research is the 

.. carch for mode s of motivation st ructure vhosc heuristic interpretations 

an be made more explicit•- in tenns o f behavioral programs-- but ubose 

.1puta tiona l re<luircments are less demanding than those exhir i tcd here . 

v ious ly ind i l/ idual do matce a cho ' ce of the activity to be allocated 

c .t r fi rst and uhc. to turn attention to anotbet·lcontrol. systC!IIIS 

i liw ing goa ~ in various activities continue to be observed. The 

fu t hcr i nves ·~ r;aLon of the effect:; of multi ple- goal control systems 

o . c·fort allocat ion programs "ith an emphas i s on developing tbe 

1 . 1 t' . ed J/ w un ..• t l.C :;o u ·1.ons ~; eemn ~aer 1. t • 

At h is pc.in t bo •ever, the models prc:~entcd here have been and can 

bc> c fu l or prov idi g behavioral predict i ons for empirical tast. 

\ p" r icnl ob s rvat ion~ arc necessary as a guide to tite choice of dlrectlo 

1 f r th' s a rch for m ~ ivational fr&ne\Jorl's Hh i ch provide promise of serving 

.. 

:: vch i cl c fo r c n t. lling the development of behavioral pro&rams. 

'tWo theoreticalliVka whiah are suggeniw of part.ieul&r dtNniona 
ot at.tadc .u-. the non-\retd_.an 11Ullt~ ai"Mt._... ot ~and 
Cooper in (3) and. the ._etor ut.illUea ct.riwd 111 a.arn.e, Cl-• 
and Kort.&Dek ( 21 ~ 



Appendix 1 

He u i&h to find an approxima t e solution to the problem: 

-~ , 
- E l n 1 - e j j) Minimize 

j 

Subject to: 

tther c , throughout, the sutllll8tion is understood to be over j•l, .. . , n. 
!I 

The 

= Jl 

p;?:O . 

" olvi ng for f> . in terms o f u, ve obtain 
J 

P : 1 ln 
j ~j 

E p E l 
j = j cj ln 

j 

j•l, ..• , n 

It \Jil l. be rec.alle<l that the original ~ tatcmen.t of the funct ional 

A 

~~a~ i n te~ of an overall probab i l i ty of succe~s . It oeoms rea~onable 

tl at , i n mov t sittwtiono , unles~ th i ~ probabi lity i ~ fairly larue, the 

i dividual ui ll reject the criteri on and adop t nome other; it :Jeem;:; unlikely t a t 

an intiiv "dual \Jill con:;i::; t cntly eneage in an act i vity t1he:!."e he perecivcc 

1/ lote that. fort'&.O, no soluti on obta i n s f r i nite pj so cha c the 

ndit "on on tP . IW::. t be :::;a t i:::;f ied a::; an equa "ty . 
J 



A2 

h · s c ances of succe::;c at much less tlum l./2 . For the problem to be 

·:t· n t n "ful t heu, t he components of the ·oint probability must be fairly 
"' t/..(> 

..: o~ · to 1 , i ndicat ~ng that eacil of the e J j vill be small, 

s p ially so ~me ~ the number of activities is large. Thus the ratio 

u at 
I .. 

f 
mur,r_ be lar ge or JJ <: 

I 
It follo 1s that: 

,u~. Cj ~ - ) -,u ~u 

ug::;c .-i":· ne a .. pproximation. lle note that 

f 1 ..i.n 
p,.a. 1 _1o ~ .GC J ) > I: 7j j J -,.r - .I 

-.L t an appro· imation to ,u, f-t. , be defined by 

p. ~ 
j 

~). 

( ~) 
fl 

'inc t' h determi ned by f> = E i:-1. n l i' ~} , smaller values of 

~J.. j ] Cl -
fL are nv vcd t han in (>:. E ~ ~n { ...:,t->, bcncet4 uasst :e a l0\7er 

bound f 1. jJ • An }tpl i c i t :>olution i s easily obtainable for t' , for 

xp 

n tc further that : 

f'-

a.j 

ct- .in c:t. - .,1 n(~) 
J J 

l f - E 
j 

(-- .J n ' ~ ) ;_ >: 
j ., j 
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He next tona the preceding inequality on P as 

.. . , 
Di vid ino th:roul;h by E .J._ , the left side of this nc:\J inequality- b : ~c oro.e s 

- 0 ¢. 
j - J 

the express i on for:"',£ n ,.c.. Tbu .. 

Dcf"ni.ns 

EJ: 
j J 

We note next that 

---
.Le t p. aud ::: be efincd by ~C; ( 1 - P~) ~ ft e - p ~ 

-Sinee - ~J.<., 

:. -f'C. > ,... 

:;o that : 
t: 

~ c -p I' - p. = '74c ·P ~ L ,.e:. p 14 

'the function y • x - ""11" i~ a atri@tq iDanta•ila& tunetion ut X tor 0 ~ x~ .l/ P. 

Thus ~ f 1/P .~ ~, ~ 2 0 , then from ;i c -Pii ~ p.c -PP; 

it f llo\1::: that f) ~ fA· 

H""nc 



Sol in~ 

' c ob ta i n 

- l - fi 41!~ -r-t .=- 21) - 1/l~p t ; , ich y i c1ds the unpllci t constra · n t fA- ~ . 
Scl v i g 

• ... •t:~ -~e - t" -
obtain u e 

( !. - ~! --PJA ) ..... - - 2 ll ,.,.. S. l-'- ~·f'4e 

~h error of the ~stimate, /{, in tbu3 seen to be bounded via 

1 
2
l-l ! - p~ 
~ ~. 

\ 

Recall" g th~ funct i onal in dte original problem : 

.n - Tr' p { sj }- 1T ~ gj c. l . :::; j j j 

Let 
-~~ 

"e a -- 1J' (1 - e rr cj 
= 

J 
• .. 

mtcrcln uc ~upposc opt i.mal value~ for the p. . Tbu:: • 
J 

: 

- Gt. p j 
e J ) 

) 

Since ~i.thcr root ::atisfi es t' ~ fl• the smaller as the clo~er 
approximat.ion to f"- .1. s preferred. 



-tLp 
~ rt. 

1 - e J j ~ l - ~. 
P'+ ttj - ,..,,j 

~·- J1 
ftj 1 -rr 0 - i-) ~ 1 .. tll: l 

fi+C ) • -r1 ~L ) z rl j j j 1+ - j j j J 4 . 
J 

! : rr 1 't ~) ~ 1 -t "' I: 
_!_ 

"' 'j Cl. 
j j J 

1 
::::.. l 1 . 

1 )o i , 
1 

L - --
j ltj 

1 

\Ie have t hus establ i&beci lot1er and upper bound:. on the e ot imate of ,.._ a 

hence est i mated p.) andcm u , ,Jbich provide liJiits on the estimated 

proba b i l i ty of acceptabl e performance. 
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Append ix 2 

The c o 1- ition:; f o r: equi valence of the effort allocations under 

* '* pro:i t m~ioi , a at · on, p r , and r e\lar d anaximi 2:ation allocations , P I' 
i r (; 'Onsc tog aJs , g .= a . . , u ill be formally stated. 'ftle tenllinolog 

J l.J 

"-'C l! p d in the c nl' r \/ill be i n t roduced \-t ithout f urther formal) 
I 

l' eces<>a:ry a nd suff icient conditions for 
•• 

pI' : 

a rc ch l: ,,r g . and \ 1 . such that 
.1 

(i) U > a r o.,. 

' ii) 

..... 
e g is an arbitrary constant, 

A 
i ' ... ) f l 

for aU zoE J 

A ,, 
+ g 

[ j~J 1 ~ s 
( l: ..L ) sf 3 

j E.: qj 
J 

[:J 
,. 

·P] 
,.. 

1 ~ in f > t> j€J 
r 

( I: <(J 
j ~J j 

. ) 

p, ,) :. 

Cond i t i n i 1 i '" clearly suf ficient for J to be ... uc A.ucJed in the sat 

of tht> first m j ' in t he cut eff ec t ed by (22). for necessity, suppose 

Then ••• P l; : 0; but by definttt• of J, tha r. fo r s 

f) • 0 . l .:o a c ntradic tion . 

i7 X 
!t vUl be re~lecl t.hat ¥ J • 
prof it maxinriza t l on probJ.. and 

t"e'~at'd maxl mbat l on prabt.l-. 

~ 4 J• 3 Gj - •o3)' .Wtn.d ,_. the 
t j • 1A(a.!'3ej), dett..s tor the 
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Condit i on ii imp lie ... 

[j~J " -p] r r. ~ _J 1 !i A l - + g :::-
( l: ...L.) r.tj ( E ...L) ~61 G!j .l j E-J 

CL JEJ t{ . 
J J 

so that c ot"d i tions iii) and ( iv) toge ther impl y J ' ::: :;·. Also 

[ ~. 1\ 

- P> J ~ * ..L 1' 
f 

pt' :: ( E _i 
'( _!_) q, 

r ( E j'J .I 
j EJ ~ . 

J 

" -P>] ...L ~ A A _ .l_ __ ~ 1\ J - .,r+s - ~ <(., t i3 E d.-:-- ctr r. ..J._) 
L j ( J , jE: J J · t: J ct . J 

J J 

"' 
- p l J _! 

[ Y, 
__!__ ~ - ( E ctj - tt. r 1 ( E - -) j f J 
J e J 4 j 

:-; p* 
r 

"''* s p* ' Convcr:.;cl y, ,.... fmpl i ils J • J , for othe't1tise cithe1: f or some 
T. r 

* *' *' * t J , F\ > 0 and .., k = 0 o~ fo r :oome k ~J' , P 1~ 0 and P k ~ 0 . 

·; * 
Toge tiler , 4, . = f> r and J ' :: J impl y 

A 

- p l~~- -
/1 

)1 
;. 

1 ; _ _J_ l'; 
\ E ... -- --t-> ~ 

'-' d . 
( ~ jE J J ( I: j f:J .I 

jEJ j j~ J 
J 

A 1\ 
1 r 

~ y~ 
f L 

I - = ., 
r r ~ E ct-> t J ) . 

j ( J <t . 
. j € J j J 

I I\ 
Hence f ana f differ b:> the same conB.tant , say g , for ~u l" ~ 1o 

r r 

nc c c-. i t.)' of condi t i on (iii) ue i ntrOduce v i tbout procf the foll \ J ~nn. lcnJna: 

1} l' ~ovaJ in [ 7 ·1. 



~4c 

[J~ ,. 
1 

fmt l '> lit 

( l: -t-: ) 
j:l j 

If 

then 
1\ 1 [atl 
f > 

j!1 m+·l m+l 
1 ) ( l: 

jal ~ 

Uou then, suppo:;e 3 ·!t, t f J auch that 

~~J A 1 
£ > t ( t 1 ) 

jEJ tr; 

By condi t ion ii) and the lemmA · 

~'" > < t ~ I [ !. 
JE J Cl.1 ~t jf-J 

implying t tJ ' , or J :j:J J, a contradicbllD· 

Fina lly , suppose, for tic.De qE J , 

By conuit i on ii ) 

A 
f ~ q 

~pJying q~J , a con~radictian. 

n3 

" 
. '] ~ 

~j 

,.. 
. p] ~ 

ctj 

A ·P] !L +~ 
~ 

~ ·P] ctj 

Q.s.o. 
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